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PRE F A CE. 
| bt XS the Alx-Puur here deſcribed and 

recommended, bas for many Years paſ# 
been made and ſold by the Trade, and in 
very great Numbers lately, I thought it 
might be deemed rather prudent than 
preſumptuous to let the Public know to 
whom they may think themſelves indebted 

(if they pleaſe) for the 2 eſpecially as every one muſ? 
allow that if I do not this Piece Fuſtice * I muſt 
make and 


never expect it from the Ingenuity of thoſe 
dend them. 

Nor will the generous and ingenuous Part of the Public 
be diſpleaſed to be informed where they can beſtow their Fa- 
vours in the moſt reaſanable and grateful Manner, as no- 
thing is more eligible and defirable to Minds benevolent and 
liberal, than to regulate their Actions by the golden Rule of 
Rectitude, viz. by doing to others as they would be 
done by. | 


The next Motive to my writing this Trad, is to a- 


modate my Cuſtomers and others, with a general Idea of 
the 417 that is neceſſary for the principal Experiments 
upon the Pump, and alſo a Detail of thoſe Experiments 
and the Manner of performing them. This I am induced to 
do by the conſtant Solicitude and Enquiry after ſomething of 
this Sort, by every Gentleman and Lady who buys a Pump. 

1 hope I have hereby ſatisfied their Requeſt, and gratified 


their Curigſuy, as far as it could be done in two Copper- 


Plates, filled with Figures of the Particulars of the ſeveral 
Parts of the Apparatus and Experiments ; by which Gen- 
tlemen will be able to judge and determine, what Part 
thereof they ſhould like to have with the Pump: 

For the above Reaſons I have drawn up a Deſcription of 
the Nature of BAROMETERS, T HERMOMETERs, and 
HyGRoMETERs, which I have annex to this, as t 


are all related to the ſame common Subject, the Arr; © 
eſpecially as Gentlemen now begin to be better acquainted 


with 


. 


il „ I ©. 
with the great Uſefulneſs of thoſe In/iruments in the moſl im- 
portant Affairs 7 Me Boi s, and the general Occur- 
rences of Life ; and at the ſame Time, would be glad to be 
acquainted with the be Conſtruttions of each, and the 
Manner of uſing them in the greateſi Perfectiun. 

Indeed I find it neceſſary to putfae this Method in re- 


gard to all other Philofophical and Mathematical Inſiru- 


ments, vix. 3 6 printe De * and Direction: 

or the uſe of the Inſirument, t urchaſer nat 
4 l ee Neceſſity of procuring 4 Fry 
or general Treatiſe for that particular Information only. I, 
by this Means I can facilitate thy practical Uſe of theſe In- 
s, 1 make no doubt but it will be as acceptable a 

Service to the Public, as my other Endeavours have proved 


| of making their reſpective THEOR I ES much to be 


apprehended, and attainable in far leſs Time than uſual 
heretofore, 

is being the Caſe, I am not without ſome Hopes of 
thereby anſiuering one other great End, viz. to encourage a 
more general Study of theſe ſublime and important Subjetts 
of Natural Knowledge, which diftate true Nations and 
Juſt Sentiments of the original and adorable Author, and tend 
to elevate the rational Mind above the low Purſuits of ſen- 


ſual — and the little Dignity that can accrue to 
human Na 


ture from all the Documents of a Play or a Ro- 
mance. Falſe Taſte, and Pedantry be baniſhed to 
the Climes of Superſtition and Defpotiſm; and genuine Eru- 
dition ſought for from the BIBLE of NATURE only in this 
Newtonian Age. | 


* — . — > 


N. B. The Reader is defired to make the following 
Additions and Corrections, viz. | 


Page 14, after Experiment 14, write Fig. 7. Page 
28, line 1, for Fig. 17, write Fig. 27, Ib. after Ex- 
periment 44, add Fig. 28. Page 30, in Experiment 
48, for Spring read Syringe, 
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The Drschirriox of a New con- 
Atructed Portable ATIR-PUMP, 
and condenſing ENGINE. 


KEEL KS the Nature and Properties of the 
KA AN Arr make fo conſiderable a Part 
od A Fs of the modern PniLosor H, the 

10 BY Invention of a Machine by which 
bs RS of they are demonſtrated, and made 
the Subject of our Senfes, could 
not fail of being received with great Admira- 
tion and Pleaſure, . and of being eftecmed the 
greateſt Acquiſition to the Science. 

This Macnine, while in the Hands of its 
Inventor, Orro GuERicke, a Magiſtrate of 
MacptsursG, was but of a rude and imper- 
fect form; and was rendered ſome Time after 
much more compleat and uſeful by our Coun- 
try-man, the honourable Mr. BoyL=. But ftill, 
while it was the Machina Boyleana, it was tar 
ſhort of that Perfection which its Structure was 
capable of, and having undergone ſeveral Im- 
provements by Dr. Hook k, Mr. Payvix, and 
other celebrated Philoſophers, it received at laſt 
an elegant and magnificent Form from the inge- 
nious Mr. HauKSBEE, and called the S/anding 


B A1R- 


F all theſe Paſſages for Air are drilled through 
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Air-Pume, which is yet in Uſe for thoſe who 
will go to the Price of it. 

Sometime after Mr. Davenport (an ingenious | 
Workman) contrived it of a Table Form, and 
made it in ſome Reſpects more commodious for 
Uſe, as well as conſiderably eaſier in the Pur- 
chaſe. And for many Years they were made 
and ſold in this Form, and under the Title of 
Davenport's Table Air-Pume. 

Having many Years uſed the Air- pump in 
both the fore: mentioned Forms, Experience 
ſoon convinced me there yet remained many 
Imperfections and Deficiences, both in the Struc- 
ture, and Circumſtances of the Pump. Theſe 
I endeavoured to rectify, and ſupply, by new 
modelling of the Form, and giving it a greater 
Degree: of Simplicity and Perfection than ever 


it had before, or could have in any other Con- 


ſtruction. 

The Simplicity of thi New Form of a double 
barrelled Pump, is manifeſtly the greateſt that 
can be, becauſe it contains nothing more than 
the Head or Frame of the two Barrels; and the 


Baſis, or Bottom on which the Receivers are 


placed; and that it cannot have a leſs Number 


of Parts than theſe two, is ſelf-evident. 


Then as to its greater Perfection, no one I 
preſume will-diſpute it, who conſiders that all 
the Ventages, or Paſſages for the Air to go from 


the Receiver, Gage, &c. to the Barrels, are here in 


folid Braſs, in all preceding Forms, they con- 
fiſted of long ſlender Copper Pipes, which, from 
their own Nature, muſt be defective, and liable 
to be faulty, and are always found to be ſo by 
Experience. But, in this New Structure, 


the 


of the Arr-Pue. Ky 2 | 


the thick ſolid Subſtance of the Braſs, it is im- 
poſſible they ſhould /zake, or be otherwiſe than 
Air-tight ; and therefore can give no Trouble in 
working 1t, nor leave any Air behind that can 
be drawn out by this Method and Kind of Ex- 
hauſtion. 

And it is an Obſervation that never fails, 
viz, That any Machine the more Simple it is, it 
is always in Proportion ſo much the more Perfect 
and Natural; for Nature is never redundant, 
but frugally and wiſely contrives eyery Thing 
with ſo many Parts (and no more) that are ne- 
ceſſary to anſwer the End compleatly. And 
the leſs unneceſſary Apparatus and Parts there 
are in the Structure, the eaſter will be the Pur- 
chaſe of Courſe, and the more it muſt redound 
to the public Good in the Advancement of the 
Sciences. 

This Form of the Alx-Puur with its Gage, 
and a large Receiver upon the Plate, are ſhewn 
in the firſt Figure of the Plate in Front. In 
which, AB is the Head of the Pump or Frame 
containing the Wheel, by which the two Piſ- 
tons C C, are moved alternately up and down 
in the Barrels D D, by Means of the Handle or 
Winch H. The two Pillars E E ſupport the 
Head, and allow of its being ſcrewed very faſt 
down upon the Barrels D D, which is neceſſary 
to keep them very cloſe upon the Leathers at 

the Bottom, that no Air may get in. 

The Bas1s, or Bed of the Pump is denoted 
by IFG, and is a thick Piece of Mahogany, 
with a large circular Plate of Braſs PP ſunk in- 
to the Middle Part to be level with the Surface 
thereof. This Plate is continued on one Part 
to the Front of the Pump, where at O a Hole 
D * or 
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or Perforation is made to the Center N of the 
Plate, for the Air to go out and in through it, 
by turning the Cock or Screw which is ſeen 
at O. | 

In the Corner or Angle of the Bed at I, is 
fixed another ſmall round Plate cf Braſs, upon 
which is placed the Gage, which is a Receiver 
I K put over a ſmall Baſon of Quickſilver L, in 
which is inverted a ſhort Tube M, filled with the 
fame Fluid; from this Plate to the large one 
there is a Perforation alſo through ſolid Braſs, 
and conſequently as the Receiver I K commu- 
nicates with the large Receiver RR upon the 
large Plate PP, when the Pump is worked, 
and the Air 1s exhauſted from thoſe Receivers, 
it will be ſhewh by the Deſcent of the Mercury 
in the Tube M. 0 

How the Air is exhauſted, or the Vacuum 
made, may be thus eaſily underſtood. When 
the Wheel in the Head is turned by the Handle 
H, it muſt neceſſarily move one Piſton up, and 
the other down, in their reſpective Barrels, at 
the ſame Time, And ſince each Barrel ſtands 
upon a round Piece of Braſs (with a Leather bes 
tween) in which there is a Yalve opening up- 
wards to let the Air come out of the Receiver in- 
to the Barrel, it muſt follow that when the Piſton 
is raiſed by the Winch, the Column of Air in the 
Barrel is thereby lifted up, or off from the Valve 
at the Bottom; by which Means the Spring of 

the Air in the Receiver will cauſe it to iſſue 
through the Valve into the Barrel, that an Equi - 
librium may be preſerved in the Air filling the 
Receiver ahd Barrel. | 

As the ſatne Sort of Valve opening upwards is 
alſo ſcrewed into the central Part of 3 —_— 
; | an 


of the Am-PUunur. q 
and therefore in the Aſcent of the Piſton, this 


Valve is kept cloſe down by the Preſſure of the 
external Air or Atmoſphere, it mult neceſſarily 
lift the ſaid Air off from the Bottom-Valve in 
the Barrel, as was ſaid before, and conſequently 
while each Piſton riſes, the Air is ruſhing into 
the Barrel; whence, as they riſe alternately, 
there is a conſtant Evacuation of Air from the 
Receiver. | 

In the Deſcent of the Piſton, it will compreſs 
the Air below, till it has a Spring greater than 
that of the outward Air ; after which the inter- 
nal Air will raiſe the Valve of the Piſton, and 
make its Eſcape into the Atmoſphere ; and 
hence by the alternate Deſcent of the Piſtons, 
the Barrels will conftantly be diſcharging the 
Air with which they are filled from the Re- 
ceiver. | 

Hence it will follow that at each Stroke of 
the Embolus or Piſton, a Quantity of Air equal 
, to the Capacity of the Barrel (viz. that Part be- 
tween the Sucker and the Bottom) will be extracted. 
But it will not follow that becauſe the Air in the 
Receiver is diminiſhed by every Stroke, 7bere- 
fore it may at laſt be all exbauſted. This may 
ſeem a Paradox, but it is yet no Miſtate, as I 
have made appear by Calculation in my Phi- 
loſopbica Britannica. 

But to illuſtrate this Matter by Example; ſup- 
poſe the Capacity of the Barre] equal to that of 
the Receiver, then by the firſt Stroke juſt half 


the Air at firſt in the Receiver will ruſh into 
the Barrel, and be exhauſted; and by the ſe- 
cond Stroke, halt the Remainder will be drawa 
out, and ſo on. Therefore at each Stroke the 
Air drawn out will be to the Quantity of Air in 

the 


| 
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the Receiver immediately before that Stroke, as 


1 to 2. | 

Again, ſuppoſe the Capacity of the Receiver 
be to that of the Barrel as 2 to 1, then upon 
the firſt Elevation of the Piſton, the Air expand- 
ing itſelf into the Barrel, will poſſeſs a Space 3 
Part greater than before, therefore one + Part of 
the Air in the Receiver will be exhauſted at each 
ſucceſſive Stroke of the Pump. Or the exhauſt- 
ed Air will be to that immediately before in 


the Receiver, as 1 to 5. And by reaſoning in 


this Manner for other Proportions. of the Re- 
ceiver and Barrel, we ſhall find this to be a ge- 
neral Rule, viz. The' Air exhauſted by any Stroke, 
is to the Air in the Receiver immediately before that 
Stroke, as the Capacity of the Barrel to the Ca- 
pacity of the Barrel ani that of the Receiver taken 


. together. 


* Of the Cox DpENSING ENnGiNnE. 


This Machine for Condenſing Air conſiſts uſu- 
ally of two hollow Cylinders of Braſs A B, made 
very ſtrong, and put together in the Middle 


with a Leather, to make them Air-tight. Theſe 


are compreſſed together in a proper Frame, viz. 
a ſtrong Tranſom or Piece of Wood CC, with a 
Hole in the Middle to. go over the Neck G of 
the Upper Cylinder, and by two Screws at C C, 
is made to bear with very great Force upon it to 
act againſt the Spring of the Air condenſed with- 
in. The whole is ſupported by two ſtrong Pil- 


lars DD, firmly fixed in the Baſe or Foot E E. 


See Fig. 2 in the Frontiſpiece. 
The Air is condenſed by injecting an addi- 


tional Quantity to that which is in the Engine 


al- 
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already, by Means of the Syringe ABC (Fig. 
3.). To this End it is conſtructed with two 
Valves both which open downwards, viz. one 
at C, in the Bottom ot the Barrel BC, and the 
other in the lower Part of the Embolus, or 
Forcer A. Thus when the Syringe is ſcrewed 
on to the Neck G of the Condenſer, and the 
Forcer A is raiſed up, the common Air above 
will ruſh through its Valve-part, into the Barrel 
below, which in the Deſcent of the Embolus 1s 
forced into the Cylinders, and condenſes the Air 
which was there before, of Courſe; and by re- 
peating this Operation, it is condenſed ſtil} more 
and more, to any propoſed Degree. 

There are different Ways of making a Gage to 
meaſure the Degree of Condenſation ; but they 
all do it by compreſſing a given Quantity of Air 
into a leſs Space by Means of Quickſilver in a 
Glaſs Tube communicating with the Condenſer, 
and properly graduated. Thus when the Air 
of the Gage is forced into juſt half the Space it 
firſt took up, it indicates there is one Atmoſphere 
injected, or that the Air is ice as denſe as the 
common Air. If the Air of the Gage be com- 
preſſed into + Part of its original Space or 
Length of Tube, it ſhews the Air is three 
Times as denſe as the natural Air. And thus 
you proceed to throw in 4, 5, or 6 Atmoſ- 
pheres, if the Conderſer be ſtrong enough to 
contain ſuch very elaſtic Air. 

For ſome Experiments the Body of the Con- 
denfer A B, is an entire Glaſs Cylinder, but very 
ſtrong. Thus much may ſuffice for an Account 
of the Structure, Rationale, and Operation of 
the Alx-Puur and ConpexnstR. We might 
next have deſcribed the various Apparatus uſed 
in Experiments of the Pump, but a Knowledge 


Oi 


8 The DzscrniPTION and Usr : 


of theſe Things, and their Uſe, are much better 
obtained by Inspection, than by any tedious verbal 
Deſcription. | 


— * * eo a. To NX 


A ſelect VaRIETY of the moſt curi- 
ous and inſtructive EXPERIMENTS 
upon the Air-Pume, with their 
Uſes in Natural PaiLosorny, 


K3<*E now proceed to explain the Nature 
WN and wonderful Properties of the Air 
by a ſelect Variety of the princi 
. TA and moſt important Experiments 2 
the Air-Pume. / 


„ Experiment I. Fig. in Frontiſpiece. 


Let a Glaſs Receiver be placed on the Plate of 
the Pump, and by exhauſting the Air gradually, 
ou will perceive at every Stroke, the Rim of 
the Glaſs ſink deeper into the moiſtened Lea- 
ther, and when you have exhauſted all the Air 
(which can produce any ſenſible Effect) you will 
find the Recipient fixed very faſt upon. the Plate 
of the Pump by the Preſſure of the external Air, 
which 1s hereby moſt evidently proved. Note, 
you let the Air into the Receiver again by 
turning the Cock at O. 


» ExPERIMENT II. Fig. 1. 


Leſt any one ſhould imagine the Glaſs is fixed 
upon the Plate by any Power or Agent within 


the ſame (drawing it down by Suction, as was 
uſed 


* 


of the Alk-Puur. | 9 


uſed to be aſſerted formerly, through the Hole 
in the Plate, let a ſmall Glaſs be placed on one 
Side of the Hole, and covered with a larger ; 
then upon exhauſting the Air from the large 
Receiver, the Air will conſtantly throw itſelf 
out of the ſmali one by its Spring, ſo that both 
will become exhauſted together; then, upon 
letting the Air into the large Receiver, it will 
not have Time to get under the ſmall one, but 
will inſtantly fall upon it, and by its Weight fix 
it as firmly to the Plate of the Pump, as be- 
fore; and it will be rather more evident by its 
inking into the Leather, upon letting the Air in- 
to the large Receiver. N. B. The ſmall Glaſs, 
when exhauſted, is as free to move as before, 
*till the Air comes in again and fixes it down. 


EXPERIMENT III. 


Let a braſs Ring and Socket be cemented up- 
on the Top of a ſmall Recipient, placed in either 
of the aforeſaid Ways upon the Plate of the 
Pump, and when it is thoroughly exhauſted, let 
the End of a Ballance (upon a proper Stand) be 
applied to it, with Weights put into the Scale 
at the other End till there be enough to ſeperate 
the Glaſs from the Pump ; and it will appear 
that there will be nearly ſo many Times 15, as 
there are ſquare Inches in the Area of, the Orifice 
of the Glaſs. Whence the Air's Preſſure on a 
circular Inch will be about 121b. 


„„ ExPERIMENT IV. Fg. 2. 


The Manner in which the Air is expelled 
from the Recipient by the Spring or elaſtic Force 
between its Particles is thus made evident. -Let 
a Glaſs Bubble, with a long Neck, be placed with 

C the 
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the Neck downwards in a ſmall Jar of Water, 
upon the Plate of the Pump, and cover the 
ſame with a Receiver; then upon exhauſting, 
you will obſerve that as the Air in the large 
Receiver 1s diminiſhed in Quantity by the Stroke 
of each Piſton, ſo its Spring being leſſened, 

the greater Spring of the included Air in the 
Bubble will exert itſelf upon the Air in the Neck, 
and drive it in a very viſible Manner through the 
Water in the Jar into the large Recipient; by 
Which Means there will be a conſtant Equality 

between the Spring of the Air in the Bubble 
and that in the Recipient, till both become ex- 
hauſted. 


„Ex ERIuENT V. 

The Receiver and Bubble being thus ex- 
hauſted, if you turn the Cock to let in the 
Air, you will perceive the Effect of its Preſ- 
ſure upon the Water in forcing it with great Ra- 
pidity to riſe in the Neck and Bulb of the Glaſs, 

till at Length, when the Air has its full Force, 


the Water will be ſeen to fill the Bubble all but 


a ſmall Part upon the Top, which will be filled 
with the Air that could not be exhauſted ; hence 
the Quantity of Air exhauſted is to the Remainder, 


a the whole Bubble and its Neck is 10 the ſmall 


Pittance of Air now at the Crown or Ti op. 


- EXPERIMENT VI. 


The Bubble being thus almoſt filled with Wa- 
ter, if it be taken out of the Jar, and held with 
its Neck downwards, the Water will run but a 
very little out ; for the Weight of the Water in 
the Bubble (in a Cylinder equal to the Cavity of 
the Neck) and the Spring of the internal Air 1s 

equal 


of the AlR-Puup. If 


equal to the Preſſure upwards of the external 
Air; and an Equilibrium thus produced, prevents 
any more Water from deſcending out of the Bubble. 


Ex ERIMENT VII. Fig. z. 

| But when the Bubble thus filled with Water, 
and a ſmall Quantity of Air, is placed upon the 
Top of an empty Jar, and covered with a Reci- 
pient, as ſoon as you begin to exhauſt, ſo 
ſoon you ſee the Water begin to drop from the 
Neck of the Bulb, and the Air to expand upon 
the Crown of it. For when the Spring of the 
Air, which acts againſt the Water and included 
Air, is leſſened, the Water will in Part deſcend, 
ſince the Force of the Air and Water together 
in the Bubble muſt ever be equal to the Spring 
of the Air in the Receiver. As this is therefore 
conſtantly lefſening, ſo the Water muſt keep 
conſtantly running out of the Bulb, and the Air 
in it, of Courſe, will be as conſtantly expanding, 
*rill at Length all the Water is run out, and 
the Spring of the Air in the Bulb, and the Re- 
cipient becomes equal, or the ſame. 


» ExeerIMentT VIII. Fig. 4. 


In the great End of an Eo there is a ſmall 
Quantity of*Air always included, like that upon 
the Water in the Bubble; if then a Hole be 
made at the little End, and the Egg be placed 
upon an open Glaſs with the ſmall End down- 
wards, and then the Whole covered with the 
Recipient, you will fee, upon exhauſting the 
Air, the Effect of the Expanſion of the Air inclu- 
ded in the upper or great End of the Egg, in gra- 
dually expelling the White firſt, and then the Yolk of 
the Egg through the * into the Glaſs. 

2 Ex- 
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» ExPERIMENT IX. Fig. 5. 


This Air at the great Eud of the Egg is inclu- 
ded between the Shell and Putamen, or Skin of 


the Egg, as will be evident by making the 


Hole at the little End larger (viz. near an Ipch_ 


diameter) and placing the Egg upright upon the 


great End, and covering the ſame with a ſmall 
Receiver, exhauſt the Air, and you will ſoon ob- 
ſerve the Skin of the Egg to be puffed up, and 
conſtantly keep riſing through the Body of the 


Egg, till at laſt you ſee i riſe through the 


Hole itſelf, and -oftentimes ſo far above the 


Hole as to make good the deficient Part of 


the Shell, and ſo to reſtore che compleat Form 


of the Egg. 


_ r X. 


The Skin of the Egg thus extruded and ex- 
panded in the exhauſted Receiver, will, upon 
letting in the Air, be inſtantly reduced to its 
firſt Situation, and appear as a Lining to the 
Shell, or rather as a Dura Mater to the Con- 
tents of the Egg. Hence a Reaſon is deduced 
for breaking a boiled Egg at the great End, viz. 
becauſe there the Shell is always diſengaged from 
the Skin, and may be taken off with Eaſe, and 
without breaking the White, which lies at a 
Diſtance. under it, by reaſon of the Expanſion 
of the included Air in boiling. 


N. B. This Air in the great End of the 
Egg is the Medium which Nature uſes for 
generating or * to Perfection the em- 
brio-Fowl, by the conſtant Motion thereof pro- 
duced by the uninterrupted Warmth of the Hen 


ſitting upon the lame, Therefore, if a {mall 
PETS Hole 
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Hole were made in the great End of an Egg, 
the Air would eſcape, and no Chick could ever 


be produced from the Treadle of the Egg. 


Ex ERIMENT XI. Fig. 6. 


If an Egg be placed at the Bottom of a tall 
Jar of Water, and then covered with the Re- 
ceiver; upon exhauſting the Air, there will ap- 
pear ſeveral Jets or fine Streams of Air riſing 
through the Water from ſeveral Parts of the 
Egg; and as a Vacuum approaches, the Air 
will efcape out of the Pores all over the Sur- 
face of the Egg, and ſtand in little pearl-like 
Bubbles upon the fame. The Egg will alſo 
be expanded in Bulk by the internal Air, fo 
that it will be rendered almoſt as light as the 
Water, and be raiſed on one End ; and ſome- 
times be made lighter than the Water, and riſe 
to the Top, though this is not a very common 
| Caſe. Alſo the Expanſion of the internal Air 
will ſometimes crack the Shell, though this but 
rarely happens. Note, theſe Experiments ſuc- 
ceed beſt with large and new-laid Eggs. 


+ EXPERIMENT XII. 


Upon letting the Air into the Receiver, the 
Jets all- c, and the pearly Globules of Air 
re-enter their Pores, and totally diſappear. The 
Egg, too, is plainly ſeen to contract its Dimen- 
ſions, to become heavier, and to reſt on the Side. 
But in lieu of the Air, which has made its 
Eſcape in the Jets, the Pores or Parts deſerted 
by it are filled with Water by the returning Preſ- 
ſure of the Atmoſphere upon that in the Jar. 


Ex- 
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+ ExPERIMENT XIII. 

The Air-bubble deſtined for the Production 
of the Chick is therefore not that which riſes in 
Jets from the great End of the Egg, for if 
that could tranſpire through the Pores of the 
Shell, it would fly off, and be loſt ; but this is 
not the Caſe, for if a Hole be made at the lit- 
tle End of the Egg of the laſt Experiment, 
and it be placed on a Glaſs covered with a Re- 
ceiver (as in Experiment VIIT) it will appear 
upon exhauſting, that the Contents of the Egg 
will be protruded in the ſame Manner as be- 


fore, and conſequently from the ſame Cauſe, viz. 
the included Bubble of Air in the great End. 


N. B. By theſe and ſuch like Experiments 
on Eggs, it appears they are previous to the 
Particles of Air, which by their conſtant Action 
on the Contents of the Egg, tend to produce 
an Alteration, Separation, and, at length, Putri- 
faction (or Addleneſs) in the Egg; which there- 
fore may in a great Meaſure be prevented by 
gluing up the Pores with hard Varniſh, Jing glaſs, 
Glue, &c. and thus prepared, it has been ſaid 
they will keep through an Eaſt-India Voyage. 


+» ExPpErIMENT XIV. N. 5. 


If a ſhrivelled Apple be put upon a ſharp- 
pointed braſs Wire, fixed in a heavy Baſe or 
Foot to carry the Apple to the Bottom of the 
Jar filled with Water, the ſame Streams of Air 
will be ſeen to ariſe from the Pores of the Apple 
upon exhauſting the Receiver, as appeared before 
from the Egg, but vaſtly more numerous. The 
Bulk of the Apple will alſo be encreaſed, and 
the Wrinkles all diſappear; fo that it will 


look 
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Jook near as ſmooth and fair as when firſt ga- 
thered. As long as the Apple continues in Va- 
cuo, ſo long will the Jets or Streams of Air 
continue to aſcend. But turn the Cock, 
and let in the Air, and immediately the Jets of 
Air diſappear, and the pearly Bubbles all over 
the Surface creep again into their reſpective 
Pores; the Apple ſenſibly ſhrinks in, and be- 
comes withered as at firſt. 

Upon the Return of the Air into the Re- 
ceiver, it falls upon the Water, and compreſſes 
it into the Pores of the Apple deſerted By the 
Air, and which becomes evident in making the 
Surface of the Apple look ſpotted, like a Face ſaon 
after the Small-Pox. | 


* ExPERIMENT XV. 


Tie a Twig with green Leaves, and Stalks 
of Flowers, to the brats Wire on the Foot, and 
ſink them to the Bottom of the Jar of Water, 
which cover with a Recipient, and exhauſt the 
Air; then you will have the pleaſing View of 
the Air iſſuing out of all the Pores of the 
Leaves and Body of the Twig, and from the 
Stem, Leaves, and every other Part of the 
Flower, in a moſt beautiful Manner, But up- 
on letting in the Air, the active Scence is in- 
ſtantly cloſed, and the ſtruggling buſtling Bubbles 
of Air are immediately huſhed, and made to 
retreat within their inviſible Cells. 


» EXPERIMENT XVI. | 
It is well known that a Plant or Vegetable 
of any Kind is an organized Body, that is, con- 
ſtructed with proper Veſſels or Parts to imbibe 
and circylate the Juices, Air, &c. neceſſary for 
| a the 
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the Support of Vegetable Life. It is further 
evident that thoſe Veſſels deſtined for the Cir- 
culation of Air, have a moſt wonderful Struc- 
ture and Mechaniſm for that Purpoſe, moſt of 
which is diſcoverable by the Microſcope, and 
that they are always repleat with Air is evident 
by Experiment. For take a Piece of the Stem or 
Body of a ſmall Tree or Bough, and cut one'End 
tranſverſely with a very ſharp Pen- knife, *till the 
Pores or Orifices of the longitudinal Veſſels are 
laid quite open, then fix it at the other End on 
the pointed braſs Wire, and ſink it to the Bot- 
tom of the Jar of Water ; when this is covered, 

and the Air of the Receiver exhauſted, you will 
ſee an amazing Quantity of Air pour out of 
theſe Veſſels, and rife in a Column through the 
Water as large as the Wood itfelf, and this 
riſing Column will continue as long as there is 
a Vacuum in the Receiver ; but it will ceaſe 
on letting in the Air, which will then force 
the Water into the Veſſels now emptied of 
Air, which will make the Piece of Wood ſen- 
ſibly heavier than at firſt, 


. ExrERIUENT XVII. Fi 8. 


But for a further Proof and Illuftration of this 
Doctrine of the Air's Circulation in Vegeta- 
bles, let a Piece of Wood be taken eight or 
ten Inches long, and each End cut as before, 
to lay the Veſſels open; then this Piece of 
Wood being cemented about the Middle into 
the Socket or Collar of a Plate, is put through 
the Top of an open Receiver, with the lower 
End immerſed into a Glaſs of Water; and 
the Whole being ſecured every where with wet 


Leathers, you will obſerve upon exhauſting 
the 
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the Receiver, a very large Quantity of Air will 
ruſh through the Wood into the Receiver, and 
fill the Water with Bubbles. When the Va- 
cuum is pretty far advanced, you may ceaſe 
working the Pump, and the Air will continue 
to come in through the Veſſels of the Wood; 
if you put your Thumb upon the Top of the 
Wood, you prevent the Air coming in; upon 
taking your Thumb off, you will ſee it ruſh 
through the Wood and Water again as before. 
And this entertaining Operation may be repeat-- 
ed as often as you pleaſe. But as laſt, letting 
the Air in by the Cock, the Torrent through - 
the Wood ceaſes, as the Preſſure within be- 
comes equal to that of the external Air. 


» Experiment XVIII. Fig. 9. 


The great Poroſity or vaſcular Texture of 
Wood may be otherwiſe ſhewn thus; let a 
Piece of Willow Wood about an Inch long be 
cemented inta the Socket of another Piece of 
Box, Braſs, Sc. made hollow on the Top like 
a little Baſon, which you fill nearly full with 
Mercury, and place it with a wet Leather upon 
the Top of an epen Receiver; then begin to 
exhauſt, and the Preſſure of the Atmoſphere 
upon the Quickſilver in the Baſon will ſoon force 
it through the Capillary Tubes of the Wood 
in Form of a beautiful Shower of Mercury, 
which will continue, (without further exhauſt- 
ing.) after it has once began, till all has paſſed 
through, and then the Air follows, and fills 
the Receiver. Note, unleſs the Ends of the 
Piece be very nicely pared with a Pen-knife or 
Razor, the Experiment cannot well "om 
D ; Ex- 
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» ExyERIMENT XIX. Fig. 10. 


Another curious Method of demonſtrating 
the longitudinal Veſſels in Wood, is by injecting 
the ſame with Quickſilver ; thus, take a Piece of 


Wood (Willow is the beſt) about half an Inch 
long, and place it at the Bottom of a ſmall 


Glaſs, with a ſpringy Piece of Cork, that it 


may not riſe when you pour in Quickſilver to 
cover it totally; after which put it under a 
ſmall Receiver, and exhauſt the Air very tho- 
roughly; during the Operation the Air contain- 
ed in the Wood, will be ſeen to throw itſelf out 
of the Pores through 1 the Mercury ; and when 
the Vacuum is made as far as poſſible, let in 
the Air, which falling upon the Quickſilver, will 
force it into all the Pores or Veſſels of the Wood, 


which when taken out, will be quite blue at the 


Ends with the Mercury injected; if it be ſplit 
into Pieces, the Mercury gives it the ſame Hue 
with-inſide in every Piece; if the Piece be 
weighed before and after Injection, it will ap- 
pear how much Quickſilver has entered its 
Subſtance ; if put into Water, it ſinks like a 
Stone. 


, EXPERIMENT XX. | 

There are two Parts in Vegetables that are 
not porous, or vaſcular, but are juſt the contra- 
ry, being of a veſicular Texture, viz. conſiſting 
of fine ſmall Bladders, which plainly appear in 
the Microſcope. And theſe are the Pilb, and 
the external Bark; and though theſe Subſtances 
contain Air, yet they do it not in the common 
Way, but it ſeems to be contained in the Little 
Veſicles ſo as not to find an Exit in Vacuo. For 
take a Piece of Cork, and a Piece of the * 
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of Elder, and tie them faſt to the Braſs Stem» 
and immerſe them in the Water of the Jar; 
then cover the ſame with a Receiver, and ex- 
hauſt the Air; during the Operation, you ſee 
none of the numerous regular Jets of Air from 
either the Cork. or the Pith, as before you ob- 
ſerved from the Body or Wood of the Plant; 
indeed, many Bubbles will iſſue from each Sub- 
ſtance, but they are only like what appeared on 
the Surface of the Egg, and of the Pieces of 
Wood, viz. ſuch Air only as is contained in the 
Interſtices, or between the Veſicles, Veſſels, &c. 
and not that which is in them. But the Nature, 
Uſe, and Deſign, of theſe Parts of a Vegetable, 
though the molt obvious, are perhaps the leaft 
known of any. 


+ ExyERIMENT XXI. Fig. 11. 


A Bladder emptied of Air, and its Neck faſt 
tied, being put under the Receiver; then as 
the Air: is gradually exhauſted, the Air in the 
Bladder will more and more expand, till at 
length, when the Vacuum is far advanced, the 
Bladder will be ſtretched to its full Bulk, and 
look as if full-blown. On letting in the Air 
again, It reduces the Air in the Bladder to its 
original Denſity, and the Bladder itſelf reafſumes 
its empty Appearance. 


« EXPERIMENT XXII. Fig. 12. 


If a Weight be tied to the Neck of the ſame 
Bladder, and then immerſed in a Jar of Water 
and put under the Receiver; as, ſoon as the 
Pump begins to work, the Bladder begins to ex- 
pand, and ſo will continue 'till it becomes ſo 
conſiderable as to raiſe the Weight connected 
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with it to the Top of the Water. When the 


Air is let ia, the Bladder ſhrinks, and deſcends . 
to the Bottom. 20 Keg | 


« ExpxRIMENT XXIII. Fig. 13. 

If a Piece of wet Bladder be faſt tied over the 
large End of the Hand- glaſs, and the other End 
placed upon the Plate of the Pump over the 
Hole. Then, upon extracting the internal Air, 
the Preſſure of the Atmoſphere will ſoon be 
evident in depreſſing the Bladder ſtill lower and 
lower into the Glaſs, till at laſt its Force ex- 
ceeds that of Coheſion in the Bladder, and rends 
it with a prodigious Exploſion. 


N. B. The Form of the Bladder in its State 
of Depreſſion, is that of the Segment of a 
Sphere. | 


+ ExPERIMENT. XXIV 
A Piece of ground plate Glaſs, if not too 
thick, being laid upon the Top of the fame 
Glaſs, with a wet Leather between, and covered 
with the Receiver, will, upon exhauſting the 
Air, be broke into many Pieces. 


» ExPERIMENT XXV. Fig 14. 

If the Ball of the Thumb be laid upon the 
ſmall End of the ſame Glaſs, as the Air within 
is extracted, the Spring of the Air in the Fleſh 
will cauſe a viſible Protuberance thereof, which 
will appear very red by the great Quantity of 
Blood impelled to that Part; the Hand is 
taſtened upon the Glaſs by the Preſſure of 
the Air upon it; but you may lift it off, and 
it will, for ſome time after, continue to _ 

red, 
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red, and the Impreſſion of the Glaſs be felt with 
ſome Degree of Pain. 


N. B. This Experiment . the Nature of 
CuypPinc, and how the Part of the Body to 
which the Glaſs is applied, becomes fitted for 
Scarrification. 


* EXPERIMENT XXVI. 


Turn the Glaſs with the broad End upwards, 
and lay the Middle of the Palm of your Hand 
upon it, and begin gently to exhauſt the Air; 
then you will both feel and ſee the Weight of the 
Atmoſphere preſs down the Skin and Fleſh (upon 
the Back of the Hand) between the Meacarpal 
Bones. This Preſſure becomes inſupportable 
ſoon, but can do no Harm, as you may let in 
the Air when you pleaſe. 

By theſe Experiments it appears, that the 
Spring of the Air within our Bodies counter 
acts the Preſſure of that without, which is the 
Reaſon why neither of them can be ſenſible 
when they act together; but that either Force 
acting alone, will be extremely ſo. 


„Ex PERIUENT XXVII. Fig. 15. 
If Glaſs Bubbles, Images of Men, &c. with 
ſmal! Holes in them, be filled with Water to 
make them ſink to the Bottom of a Jar of Wa- 
ter, and placed under the Recipient, then, u 
on exhauſting the Air, that in the Body of the 
Images will expand itfſe:f and drive out Part of 
the Water, which will render them ſpecifically 
lighrer than the Water of the Jar, and of 
Courſe, they will riſe to the Top. Upon let- 
eing in the Air, 2 in che Bubble and Bodies 
| ot 


- - — p — • l — — — — 


22 _ The DescrIPTION and USE 


of the Images will be condenſed by the Water 
forced into them again, and then they gradually 
deſcend to the Bottom again. | 


„Ex RIM ENT XXVIII. Fig. 16. 


If a Jar of clear cold Water be put under 
the Recipient, and the Air drawn out, there 
will appear many ſmall Bubbles and Streams of 
Air to ariſe out of the Body of the Water, par- 
ticularly from the lower Parts ; by which it ap- 
pears what a large Quantity of Air is naturally 
contained in Water. The fame Experiment 
tried with Oil, Spirit, Sc. ſhews they are all 
impregnated with Air, more or leſs. 


0 1 XXIX. 


But if hot Water in a Jar be put under the 


Receiver, and the Air be exhauſted, it will ſoon 
diſcover a great Expanſion of its contained Air 
by the Heat, which will appear in Bubbles very 
numerous, and larger ſtill as the Exhauſtion is 
continued, *till at length it becomes ſo very 
quick and violent as to produce thoſe Agitations 
which are uſually called the Ebullition or Boiling of 
be Mater; but this is moſt conſiderable towards 
the Beginning, for as the Air becomes more 
and more exhauſted, the Ebullition is leſſened 
gradually; till at laſt, the Air ſhe ws itſelf in few, 
but theſe very large Bubbles or Volumes, which 
as they agitate the Water but little, ſo it may 
now be ſaid to ceaſe boiling. And when the Air 
is let in, all Motion is totally at an End. 

By this Experiment we ate taught, that the 
Boiling of Fluids is owing to a violent Rarefac- 
tion of the contained Air by Heat; and ak 

uttle 
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Jittle Heat would produce this Effect were it not 
for the Preſſure of the Atmoſphere. 


* ExPERIMENT XXX. Fig. 17. 


If Beer or Ale be put into a tall Jar, and 
p'aced under a Receiver, as ſoon as the Air 
is in the leaſt Degree extracted, the Air in 
the Beer will begin to ſhew itſelf in riſing 
Streams through all the Body of the Fluid; 
and as the Vacuum proceeds, thoſe Streams will 
be more copious and evident in Proportion. 
But the Beer being a viſcid Subſtance, its Parti- 
cles will ſtick about and line the Veſicles of Air 
in ſuch Manner, that they cannot here break and 
fly off, as in Water; but they will riſe to the 
Top, and be there accumulated into a fro- 
thy Head, which will keep encreaſing till it 
runs over the Top of the Jar; then upon let- 
ting the Air into the Receiver, it quaſhes the 
aſpiring Head, and reduces it to the Level of 
the Liquor. 

This Experiment affords a remarkable Proof 
of Sir Isaac NREWTOx's Doctrine, that Opacity 
in Bodies chiefly ariſes from the Largeneſs of their 
Pores or Interſtices, and that Tranſparency is owing 
to their being ſmall; for the Body of the Beer is 
very diaphanous, while that of Froth is altoge- 
ther opake. If the Beer remains long in the Va- 
cuum, and taſted as ſoon as taken out, it is 
vapid or dead, for want of Air to give it Spirit. 


« ExXPERIMENT XXXI. Fig. 18. 

If a thin Glaſs Bottle, of a ſquare Form, or 
flat Sides and Bottom, be capped with a Piece 
of Braſs, in which is a ſmall Hole, with a Piece 
of wetted Bladder tied over it; and then placed 

under 
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under a wire Cage in the Recipient, and the Air 
drawn out, it will at the ſame Time throw it- 
ſelf out of the ſquare Glaſs by its Spring, then 
upon ſuddenly letting in the Air, it will nat 
have Time to get under the Bladder Valve into 
the Bottle, but exerting its Force againſt. its 
flat Sides, will inſtantly cruſh 1t into a thouſand 
Pieces. 


„Ex ERIMENT XXXII. 


Take another of theſe ſquare Bottles, and 
cloſe up the Orifice with hard Cement, ſo that 
none of its included Air can eſcape, then having 
placed it under a Cage and Recipient, begin to 
exhauſt, and proceeding gently, you will find 
the Spring of the confined Air, will be ſuperior 
to the Coheſion of the Glaſs and Spring of the 
Air in the Receiver together; and, of Courſe, 
muſt burſt the Bottle to Shivers. 


N. B. In the ſame Manner you break a full- 
blown Bladder, with its Neck faſt tied. 


EXPERIMENT XXXIII. Fig. 19. 


Take a SyRinGE with a Piſton nicely fitted, 
but without any Perforation or Valve; * 
having a Weight ſcrewed on to the Bottom ſuf- 
ficient to overcome the Friction of the Piſton, 
and to prevent any Air getting into the Barrel, 
it is to be ſuſpended by the Ring of the Piſton, 
upon the Wire-hook of a braſs Plate, laid on 
the Top of an open Receiver, and then upon 
exhauſting the Air, you ſee the Barrel of the 
Syringe deſcend by Degrees from the Piſton for 
want of the Spring of Air to keep them toge- 


ther as at firſt. And when the Air is quite 
exhauttec 
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exhauſted, the Syringe will have deſcended 
its whole Length from the Piſton ; then upon 
letting in the Air, the Barrel and its Weight 
will ſuddenly leap up to the Piſton, and be 
kept firmly together by the Preſſure thereof 
upon each. | 


ExPERIMENT XXXIV. Fig. 20. 


A Bladder with a ſmall Quantity of Air in it and 
its Neck faſt tied, is put into a round wooden Box, 
and upon it are. placed ſeveral heavy Weights 
with Holes through the Middle of them, that by 
a ſtrong Wire fixed in the Braſs Plate on the 
Top of the Receiver, and paſſing through them, 
they may be kept very ſteady and upright. 

This Apparatus is put under the Receiver, and 
as the Air is exhauſted, the Spring of the Air in 
the Bladder will ſhew itſelf by evidently raiſing 
up thoſe heavy Weights which lie upon it; and 
when the Air 1s quite exhauſted, the Weights 
are ſuſtained at a ſenſible Diſtance from the Bot- 
tom of the Box; and gradually fink down again 
as the Air is let in. 


* EXPERIMENT XXXV. Eg. 21. 


If a Magnetical NEEDLE and Coup Ass be 
placed under the Receiver and the Air exhauſt- 
ed, the Magnet applied will attract it juſt the 
ſame in Vacuo, as in the Air; and as well 
through the Glaſs, as though none were there. 


ExrERIMENT XXXVI. Eg. 22. 


A Capillary Tune of Gr. Ass being properly 
ſuſpended in the Pipe of a Wire paſling through, 
and moveable up and down in a Collar of Legs, 
thers, in a Plate of Braſs, upon the Top of an 
I open 
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open Receiver, is to be raiſed a little above the 
Surface of Water in a ſmall Jar; and when 
the Air is as far extracted as poſſible, puſh the 
Wire down, and immerge the lower End of 
the Glaſs Tube in Water, and the Water will 
be ſeen to riſe in the Tube by Attraction, juſt 
in the ſame Manner and Degree, as in the Air; 
this will be evident by letting! in the Air, which 
Will make no Alteration at all. 


EXPERIMENT XXXVII. Fig. 23. 


If a Piece of Cox k, and a Piece of any 
heavy Subſtance, as Brass, &c. be nicely 
equipoiſed upon a fine Balance, and then put 
under the Receiver, upon exhauſting the Air, 
you will ſoon perceive the Equilibrium begin to 
be deſtroyed, and very ſoon the Cork will 
preponderate, or weigh down the Braſs. | 

Hence the true or abſolute Weights of Bodies 
cannot be known or compared but in Vacuo, or 
in an unteſiſting Medium. 

Hence a Pound of Feathers weighed i in Air, 
is abſolutely heavier than a Pound of Lead or 
Braſs in the other Scale. The Reaſon of all 
which is evident, viz. the larger Bulk of Cork 
is more reſiſted by the Air, than that of Braſs ſo 
much leſs, as appears by letting in the Air, 
which immediately reſtores the E geilibrium. 


ExPERIMENT XXXVIII. Fig. 24. 


If Fruit of any Sort be put into a proper 
Glaſs, with an open Neck, and a Braſs Cap and 
Valve fitted thereto, and cemented upon it, and 
the Whole placed under the Receiver. Then 
when the Air is exhauſted, and let in again, — 

| WI 
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will fall upon the Bladder Valve, and keep it 
faſt down, and then it may be ſecured from 
Air, by ſealing it cloſe with Wax. By this 
Experiment you will find the Difference in keep- 
ing choice Fruit in Vacuo, and in the Air, and 
from thence learn how far the At of Pas TRV 
may be improved by the AlR-Puup. 


* EXPERIMENT XXXIX. Fg. 25. 


If a CanDLE be placed under the Receiver, 
and the Air be but little diminiſhed by exhauſt- 
ing, the Flame will appear declining, and grow 
leſs and fainter, as the Air is further exhauſted, 
till at laſt it becomes quite extinct ; and then 
the Air is ſo light that the very Smoke of tbe 
Candle will be ſeen to deſcend to the Bottom, 
and be drawn out with the Air, | 

Hence appears the Neceſſity of Air for Firs 
and FLAME, as containing a Principle or Spirit 
which is the Pabulum thereof. 


+ ExyERIMENT XL. Tig. 26, 


If a BeLL be placed under the Receiver; 
adapted to a proper Apparatus, and the Air 
exhauſted, the Sound upon ringing, or ſtriking 
the Bell, will be ſcarcely ſenſible ; even the Re- 
ceiver alone placed over the Bell (without ex- 
hauſtion) will render the Sound very weak and 
low. | | 

Hence we learn that Sound is communicated 
by PuLszs of elaſtic Alx to the Tympanum or 
Drum of the Ear, and there becomes ſenſible by 
the Action or Motion of the internal Air upon 
the Fibres of the Auditory Nerve. 


E 2 . Ex- 
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ExyERIMENT XLI. Fig. 27. 

i ANIMAL (as Rar, Sc.) being put un- 
der the Receiver, when the Air begins to be 
exhauſted, ſhews Signs of Uneaſineſs and Pain; 
as you continue the Operation, the Animal con- 
vinces you of encreaſing Pain and Agonies, till 
at length it expires in the utmoſt Convulſions. 


» Exp ERIM ENT XI II. 


As the Animal lies proſtrate, and apparently 
dead, upon the Plate of the Pump, yet if you 
let in the Air in time, or before the Action of 
the Heart ceaſes, it will ſoon diſcover Signs of 
N the Body heaves, the Legs ſtart out, and 

by-and-by the Animal begins to rear itſelf up, 
wil to walk or fly about. | 

By theſe Experiments it is plain, there is ſuch 
a Thing as Temporary DEATH; and quere, if 
it be not a Conſideration worthy of the Legiſla- 
ture, as ſometimes a Temporary Death may be 
of more Service, and be more conſiſtent with 
Juſtice, than. an abſolute or real Death. 


„ EXPERIMENT XLIIL, 


. InsxcTs, RERPTILES, and other Animalcules, 
will not be killed by the greateſt Vacuum the 
the Pump can make ; and for the moſt Part, 
you will find they demonſtrate little or no Sen- 
fation of Pain; you ſee them creep and crawl 
about, but you will find that even Butterflies, 
and Moths, cannot fly i in a Vacuum of the groſſer 


Air, 


. Exyrniment XLIV. Zig. 28. 


If FisnzEs be placed in a Jar of Water 


under the Receiver, as you exhauſt, you will 
perceive 
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perceive the Air to come out of their Mouths in 
large Bubbles, and their Bodies to extend from the 
Expanſion of the Air in their Bladders, which 
now becomes involuntary z and they generally 
neceſſitated to riſe to the Top of the Water, 
where they will make many Efforts to deſcend, 
but cannot; they lie for ſome Time at the 
Top with their Bellies upwards, and after that 
ſeem to recover themſelves, and ſwim about, 
but not able to deſcend. If the Bladder breaks, 
the Fiſh dies, but ſcarce ever elſe. The Fiſh 
called the Loach will not riſe from the Bottom. 
Upon letting in the Air, they return to their 
firſt State, and appear not the worſe for what is 


paſt. 


Ex ERIMENT XLV. 
If a Bladder be tied to a Braſs Pipe, and then 


blown nearly full of Air, and ſcrewed into a 
Bottle upon a Foot, and thus placed under the 
Receiver ; when you work the Pump you draw 
the Air out of the Bladder, as well as out of 

the Recipient, and the Air confined in the Bot- 
_ tle, will, by its Spring, compreſs the Bladder, 
till at length it has the Appearance of an entire 
empty Bladder ; then, upon letting in the Air, 
it will ruſh through the Pipe, into the Bladder, 
and expand again gradually to its firſt Size. 
This Experiment is to ſhew the Manner in 
which the Lungs of Animals are affected, when 
they are killed and recovered again in the Re- 
ceiver, and may ſuffice, to the zender-bearted, 
to convey the intended Ideas, without torturing 
the Animal for Amuſement. 


. 4 
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ExrERIMENT XLVI. Fig. 29. 


If a tall Glaſs be exhauſted upon the Trau/- 
ferer, and then a Pipe ſcrewed on to the Stop- 
cock, and placed with the lower End in a Ba- 
jon of Water, you will, upon turning the Cock, 
fee a beautiful Fer d' Eau in the exhauſted Glaſs, 
by the Preſſure of the Atmoſphere upon the 
Water in the Baſon. This Experiment ſhews 
the Rationale of raiſing Water by a Pump for 
the Piſton making a Vacuum in the Barrel, the 
Water will riſe in the Pipe below by the Preſ- 
ſure of the Air on its Surface. 


+ ExPERIMENT XLVII. Fig. 30. 

If the Glaſs on the Transferer be exhauſted, 
and the Pipe below be ſcrewed into a Bottle, 
partly filled with Water; then, upon turning 
the Cock, you will ſee the ſame Jet d' Eau as 
before, ms now from the Spring of the 
Air confined in the Bottle, which ever pro- 
duces the ſame Preſſure, and muſt therefore 

cauſe the ſame Effect, as the Weight of the At- 
moſphere. | 5 | 


ExPERIMENT XLVIII. Fig. 31. 


To demonſtrate ſtill further, the Nature of 
Pump work, let a Syringe with its Pipe be 
ſcrewed into a Braſs Plate, and placed upon the 
Top of an open Receiver, ſo that the lower 
End of the Glaſs Pipe may deſcend a little 
Way into Water of a Glaſs put upon the Plate 
of the Pump for that Purpoſe ; then, before 
you exhauſt the Receiver, lift up the Pifton of 
the Syringg, and the Water will riſe in the 
Pipe below; but when the Air is exhauſted 


very thoroughly, the Piſton raiſed as before, 
you 
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you ſee no Water riſe in the Pipe; the Preſſure 
of Air in the Receiver (as the Cauſe) being taken 
away, the Effect muſt ceaſe, i. e. no Water can 
riſe in the Pipe of the Syringe or Pump. 


, EXPERIMENT XLIX. Fig. 32. 


A Candle placed by the Head of a Globu- 
lous Receiver, will, when the Air begins to be 
extracted, appear to have its Rays refracted into 
various Circles of coloured Light, by a particular 
Denſity of Air and Vapours in the Recipient; 
ſince before and after that, no Colours are to be 
ſeen. By this Experiment we learn, that Ha- 
Los about the Moon, are owing to a peculiar 
Mixture and Denſity of the Air and Vapours 
through which her Light is refracted. 


ExPERIMENT L. Fig. 33. 
Let a Glaſs Tube cloſe at one End be filled 


with Mercury, and inverted into a ſmall Bafon 
of the ſame Fluid, then will the Mercury in 
the Tube ſubſide till it comes to be of a certain 
Height, where it remains quieſcent : In this 
State place it upon the Plate of the Pump, put 
over 1t an open Recipient,” capped upon the 
Top; and laſtly, over the Tube of Mercury 
put a long Glaſs Tube about an Inch diameter, 
which is to be ſcrewed faſt into the Braſs Cap or 
Ferril of the Receiver. Then as you begin to 
exhauſt the Air, you will perceive the Mercury 
begin to deſcend in the Tube; and as the Air 
is more and more exhauſted, the Quickſilver 
will ſink lower and lower in the Tube, till at 
laſt a Vacuum being made, its Height above 
that in the Baſon, is but very ſmall. 5 
Y 
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By this Experiment it appears that the Mer- 
cury in the Tube of a BAROMETER is ſupported 
by the Preſſure of the Air, and conſequently its 
Altitude is an adequate M. eaſure thereof, whent 
properly corrected. 


ExPERIMENT LI. 


The Tube of a Barometer being (in the laſt Ex- 

periment) exhauſted of its Mercury and Air, be- 
comes a Void, and therefore being immerſed in 
Mercury, it is no Wonder that when you turn the 
Cock, and let in the Air, you fee the Quick- 
filver riſe in the Tube by the increaſing Preſ- 
ſure of the Air coming into the Receiver, ſo 
that the Air is here ſhewn by ocular De- 
monſtration 7 ſuſtain the Mercury in the Tube 
at Heights always proportional to its Weight or 
Preſſure. 


EXPERIMENT LII. Fig. 34. 


If a Tube, open at both Ends, be ſcrewed 
into a ſmall Bottle of Quickſilver, and covered 
with the Receiver and long Tube as before; 
then upon exhauſting the Air, the Mercury will 
begin to riſe in the Tube by the Spring of the 
Air in the Bottle, which becomes greater, and 
the Mercury riſes higher, *cill the Air is as far 
exhauſted as it can be, and then the Height of 
the Quickſilver in the Tube is the ſame as that 
of the two foregoing Experiments, and conſe- 
quently it is hereby again ſhewn, that the Force 
of the Air's Spring is always equal to that of its 
Preſſure. Upon letting in the Air, the Mercury 
ſubſides to the Bottom. 


Ex- 
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1 a Glaſs Tube about 6 or 7 Inches long, . 
hermetically ſealed at one End, be filled. with 
Mercury, and inverted into a ſmall Glaſs of- 
that Fluid; the Preſſure of the Air will pre- 
vent its deſcending from the Top of the 
Tube. Bur if in this Circumſtance it be placed 
under the Receiver, and the Air exhauſted, 
you will obſerve that a conſiderable Quanti- 
ty of Air muſt be drawn out, before the 
| Quickſilver will be ſeen to deſcend; for it 
cannot move while the Spring of the Air is able 
to ſupport a Column of Mercury to the Height 
of the Tube; but when that Spring becomes 
leſs than the Weight of that ſhort mercurial 
Column, 'then it muſt deſcend, and continue to 
do 1o- *till it is quite ſublided, and ſhews a 
Vacuum. 

From this Experiment you 80 the Reaſon of 


the mercurial Gacs ſhewn upon the Pur in 
the Frentipeech 


ExPERIMENT LIV. Fig. 35. 

If a Florence Fl ASK, properly capped with a 
Piece of Braſs, and a Bladder Valve upon it, be 
put under the Receiver as the Air becomes ex- 
hauſted, ſo it will gradually get out of the Flaſk 

from under the Valve, till both the Flaſk and 
Receiver become evacuated together; then the 

Air being let in ſuddenly, will fall upon the 

Valve, and keep it faſt down, fa that the Flaſk 
will remain exhauſted. In this State let it be 
carefully equipoiſed upon a fine Balance ; and 
then if you lift up the Valve with a Pin, you 
will hear the Air ruſh into the Flaſk, and ſee 


tit preponderate by the additional Weight of 


F Air 


9 
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Air which has entered to fill it. Laſtly, by 
putting Grain- Weights into the Scale, "ill the 
Equilibrium be reſtored, you find the Weight of 
that Bottle of Air. 

In this Manner we find that a Pint of Air 
weighs eight Grains; a Gallau weighs one Drachm 
four Grains; and a BusHRL of Alx a little 
more than an Ounce, Troy. 


. EXPERIMENT LV. Fig. 36. 


An Air-Pipe, with its Stopcock and Plate, 
being made Air- -tight, and then placed upon 
the Top of an open Receiver, the Air is ex- 
hauſted as uſual, but 1s let in again through the 
long Au-pipe, whoſe End is placed in the 
Middle of a burning Charcoal Fire, and thus the 
Receiver is filled with burnt, or aduſt Air. 

Having removed the Pipe and Plate, you 
put a ſmall lighted Wax Candle into the 
Receiver, and it inſtantly goes out upon the 
Top, nor can you make it burn in the aduſt 
Air *till great Part of it be let out by lifting up 
the Receiver ; the Candle then burns but dimly, 
but will purify the remaining Air by Degrees. 

This Experiment ſhews the Nature of that 
noxious and deleterious Air, ſo often found in 
Mines, and deep Places,—and of the fatal Cuſ- 
tom of ſitting in a cloſe Room, with a Char- 
coal Fire, which ſo far contaminates the Air, as 
to endanger Life, as we know by too common 
Experience. 2 


„ ExytrimenT LVI. Fig. 37. 


If two BRASS HEMISPHER Es, properly put 
together, and ſcrewed into the Hole of the 
Puwp, be cxhauſted of the internal Air, the 

| | Pereſſure 
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Preſſure of the external Air will compreſs them 
very firmly together, ſo that a great Force will 
be required to ſeparate them. But upon turn. 

ing the Cock, and letting in the Air, they tal 
aſunder of themſelves | 


N. B. If this Experiment be yery carefully 
made, and the Hemiſpheres applied to a Steel- 
yard, the Weight to ſeparate them will again 
ſhew that it is near 15th per /quare Inch in the 
Area. 


ExPpERIMENT LVII. Fig. 38. 


A Slip-wire and its Collar of Leathers on a 
Braſs Plate, being put upon the Top of an 
open Receiver, and within connected to the 
Trigger of a Gun-lock, fixed to the Plate of the 
Pump, and ready cacked ; then when the Air 
is exhauſted, if you pull up the Wire, and 
draw the Trigger, the Cock will go down, 
and the Flint ſtrike the Steel with its uſual 
Force, but now 30 Sparks of Fire appear, as 
there always do in the Air. 


Er LVIII. 


If two Iron BuLLETs be made red hot, and 
one of them put under the Receiver, and the 
Air extracted, it becomes immediately obfuſca- 
ted, and totally looſes its Luminoſity, whilſt 
the other remaining in the Air continues to 
glow or ſhine for a conſiderable Time. This 
Experiment is not eſſentially different from the 
laſt, becauſe the Sparks in ſiriking Fire, are on- 
ly very mall Pieces or Spherules of melted, or red- 
hot Steel; but cannot in Vacuo make that Apr 


pearance. 
\ F 2 2 Ex- 
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EXPERIMENT LIX. Fig. 39. 


Upon the Neck of a tall Receiver, a proper 
Ane is fitted, containing a Chamber or 
Cavity holding a little Gun-PowpeR, with a 
hollow Slip-wire paſſing through it, and at the 
ſame Time a red-hot Iron is placed upon an Iron 
Tripod, on the Plate of the Pump directly 
under the Pipe. Then exhauſting the Air as 
ſoon as poſſible, you lift up the Wire, and the 
Grains of — will fall 7 the hollow 
Part on the hot Iron, which will only melt and 
diſſolve upon its Surface, but not flaſh and ex- 
Plode, as in the Air; hence it appears how far 
the Air is neceſſary for Gunpower to have its 
proper Effect. 


ExrkxIxENT LX. Fig. 40. | 
A Braſs Apparatus adapred to the open Top 

of a very tall Receivet is contrived to hold, — 
to Jet fall together, two Bodies, one very 
heavy, and the other very light, as a Guix RA, 
and a fine FEATHER, then, upon extracting 
the Air, and puſhing down the Wire, the two 
Bodies are let go, and they fall together 
to the Bottom, exactly in the ſame Time; 
but let in the Air, and then let them fall, and 
the Guinea will be down long before the Fea- 
ther, which meets with fo much more Reſiſtance 
from the Air, 


3 LXI. 

Take a tall Glaſs with a little Water made 
acid, by a few Drops of Aqua fortis, and place 
it upon "he Plate of the Pump, and cover the 
ſame with an open Receiver, to which 1s fitted 
the laſt Apparatus, holding a Piece of Chalk 

ready 
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ready to let fall; then having exhauſted the 
Air, you carefully thruſt down the Wire, to let 
the Chalk fall into the Fluid below. And ſince 
one is an Acip, and the other an ALKAL1, a 
ſtrong FERMENTATION and EFFERVESSENCE 
will enſue, which will ſoon ſubſide and ceaſe 
upon letting in the Air. | 


N. B. Great Care muſt be taken in making 
this Sort of Experiments, leſt any Miſchief hap- 
pen by two violent a Commotion, Accenſion, 


or Exploſion, upon a Mixture of ſuch active 
Bodies. 


ExpERIM ENT LXII. 


Let a tall Receiver (ſuch as is uſed for the 
Guinea and Feather Experiment) have a Cork fix- 
ed and ſealed into its upper Orifice, to be per- 
fectly Air-tight; and then put a pointed Wire 
through the Cork, an Inch or two below it, 
and ſecure and faſten that likewiſe with Wax. 
This being done, place it upon the Pump, and 
make as perfect a Vacuum as poſſible; then 
take the Chain (or Wire) of the Conductor of an 
electrical Machine, and hang it to the Wire upon 
the Top of the exhauſted Receiver, and excite the 
Globe (vr Cylinder) by turning the Wheel, and 
you will have the Pleaſure of ſeeing the Electri- 
city deſcend from the Wire, and diffuſe itſelf 
through the Vacuum in .the Appearance of Li- 
quid Fire, or rather luminous Phoſphorus. And 
this Phænomenon will continue as long as the 
Vacuum, and the Machine is in Motion. N. B. 
For this Sort of Experiments, the Room muſt 
be very dark. Ig 


Ex- 
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ExPERIMENT LXIII. 


If the electrical Machine be of the late im- 
proved Form, viz. ſuch as has the Foot or 
Stand upon which the Cuſhion is fixed, made 
of Glaſs, then will the Conductor be electrified 
negatively; and the Chain being put upon the 
Wire in the Cork of the tall Receiver exhauſt- 
ed, you will obſerve (when the Machine is in 
Motion) the beautiful Appearance of the electri- 
cal Fluid riſing from the Bottom of the Re- 
ceiver to the Top, and going off by the Wire 
to the Conductor, to ſupply the electrical Fluid 
to the Machine, which is now in a negative or 
Minus State. 

N. B. For this Experiment the Receiver 
ſnould be cemented into a Braſs Socket at Bot- 
tom, with a Stop-cock to ſcrew it on to the 
Pump to be exhauſted, and then to be taken 
off, and ſcrewed into a large wooden Foot. 


N. B. Theſe two Experiments explain the 
electrical State of the Air wherein the Electricity 
deſcends from the Clouds electrified plus to the 
Earth; and on the other Hand, as it riſes from 
the Earth to the Clouds, when they are in the 
State of minus Electricity, or leſs electrical than 
the Air near the Earth. 


. r LXIV. 


Let Writing with ſolid Phoſphorys on blue 
Paper, be put under the Receiver; as the Air is 
exhauſting, the Letters will be more and more 
lucid and ſhining ; and the Receiver filled with 
Fumes. Theſe Phænomena of Phoſphorus and 
Electricity are greatly promoted by a Vacuum. 


„ 


